Background: Shockable rythms are common among victims of witnessed public out-of-hospital cardiac
Introduction
In Canada, up to 85% of 45,000 annual cardiac arrests occur at home or in public spaces and at most 10% of patients survive to hospital discharge (1) (2) (3) . Prompt prehospital defibrillation by the earliest available responder, whether emergency medical services (EMS) or a bystander witness, is a time-sensitive key element in terminating underlying malignant tachyarrhythmia and achieving survival (4) (5) (6) (7) (8) .
Shockable rythms are initially found in up to 60% of out-of-hospital cardiac arrests (OHCA) occuring in a public space (9, 10) . Survival to hospital discharge and good neurological functional outcome are significantly improved among such victims receiving bystander shock preceeding the arrival of EMS (4, 7, (11) (12) (13) . Worldwide, automated external defibrillators (AEDs) are increasingly available in public spaces due to public and private efforts (14) (15) (16) . However, bystander shock using a public automated external defibrillator (PAED) only precedes EMS arrival in 3-6% of OHCA in Canada (17, 18) . Among multiple factors limiting PAED use, the lack of knowledge regarding the location of nearby AEDs is speculated to be a chief limitation (19) .
In response to low PAED utilization, communities have developed strategies to assist OHCA bystanders in locating these life-saving devices, notably through verbal assistance from the emergency medical dispatcher (EMD) and through innovative mobile phone applications ("mobile apps"). These strategies have shown promise in recent initial studies (20) (21) (22) , but their efficacy has not been evaluated in a comparative randomized simulation.
Methods

Study Design
This research project was a three-armed, open, controlled randomized simulation. Participants consecutively took part in a walk on a university campus during which they were unexpectedly solicited by nearby witnesses of a simulated OHCA and asked to locate and employ a PAED. As detailed below, participants either obtained no assistance in finding the PAED, obtained the PAED's location verbally, or employed a PAED geolocalization mobile app.
Study Population and Recruitment
Aspiring study participants had to meet the following inclusion criteria: be of adult age (18 years or more) and own a mobile "smartphone" (Apple or Android) with functional 3G wireless network (or higher). Participants who had physical disabilities preventing them from walking up to 10 minutes in time and participants who were not able to communicate in English or in French were excluded. To enroll, they had to complete a registration form on the study website, which included the study consent form, a demographic questionnaire and specific questions assessing physical fitness and baseline proficiency with mobile apps.
Participants were recruited over a period of two months (April and May 2017) using promotional material shared in professional networks (diffusion lists, hospital volunteer and patient committees), social media (Facebook, Twitter) and physical sites (coffee shops, supermarkets, university campuses). Aspiring participants were invited to visit the study website from which they could read the study summary and consent form and apply online. Participants were not made aware of the task they would be requested to perform during the simulation, but were informed that the task was "part of regular medical management of cardiac arrest". No financial compensation was announced during participant recruitment, but participants received a 10 Canadian-dollar gift card (≈ $8 USD) after they completed the simulation.
Randomization
Participants were stratified according to age (<60 years old vs. ≥ 60 years old), date of availability (June 17 vs. June 18, 2017) and likelihood of encountering cardiac arrest on a frequent basis in their present or past professional life ("lifesaving professional" vs. not). A participant qualified for "lifesaving professional status" if they answered "yes" to the following question: "Does your occupation involve responding to cardiac arrest? If you are retired, please answer according to your previous practice." Stratified participants were then block randomized (Blocks of 3, 6 and 9; Sealed Envelope Ldt. 2016. Create a block randomization list.
[Online] Available from: https://www.sealedenvelope.com/simple-randomiser/v1/lists [Accessed 26 May 2017]). All participants had been asked to download the free AED-Quebec app before their arrival and were invited to explore it at home. However, the AED used in the simulation was far from the PAED closest to the participant registration area.
Simulation Design
Participants were summoned to the study reception site at 10-minute intervals. The simulation site, located on the campus of the Université de Montréal, was a pedestrian-safe, outdoor location situated 175 meters from the closest real PAED, stored in the entrance hall of a nearby building. This distance was chosen based on recent research conducted by the local EMS that found a statistically significant association between distance to the closest EMS-registered PAED and bystander shock probability for real out-of-home OHCA up to 175 meters (18) . A training CPR dummy was placed at the site of the simulation to mimic the OHCA victim, and a training AED was placed above the actual PAED's cabinet and employed for simulation purposes.
As each participant approached the simulation site, a research actor with a phone in their hand, and playing the role of the first layperson responder, shouted: "Help! There is an unconscious person here, I already called 911 and I need you to find a defibrillator". Meanwhile, another actor, playing the second layperson responder on scene, performed cardiopulmonary resuscitation (CPR) manoeuvers on the simulated victim. At this stage, interaction between the first actor and the participant was dependent on the latter's randomization group. A participant from the control group received no help at all from the actor in finding the closest AED. Participants from this group had been instructed at the pre-simulation briefing not to use their smartphone during the simulation. Participants from the verbal assistance group received the closest AED's exact address from the first actor, as if it had been obtained from the EMD. Participants in this group were prohibited from using the studied mobile app (AED-Quebec), but were allowed to use other apps on their smartphone if they so desired (e.g. Google Maps ©). Finally, participants in the mobile app group had been instructed at the pre-simulation briefing to employ the AED-Quebec mobile app during the simulation. All interactions between the actor and the participant were conducted in French or English, as per their stated language of preference. If the participant requested additional help from the actors, either directions to the nearest PAED or help in employing the apparatus, the actors replied that they could not help.
The AED-Quebec app is a free, bilingual (English/French) smartphone application developed by In July 2018, the registry counted over 1,600 public AEDs, and discussions were underway to integrate the registry information to the EMS call centers across the province.
Throughout the entire simulation, each participant was closely escorted by a volunteer data collector, whose role was to collect time elapsed and distance traveled by the participant leading up to PAED shock (see Measures), and to ensure that participants respected the restrictions regarding the mobile phone use. All study participants had been informed at the pre-simulation briefing that the data collectors were prohibited from helping or interacting with participants during the simulation and were advised to pretend as if they were simply not there.
Participants were neither encouraged nor refrained from running or jogging. Regardless of their group, participants could interact with random campus visitors if they so wished. Study personnel did not comment on the quality and usefulness of the third-party information during the simulation. The presence of random campus visitors fluctuated during data collection. Finally, avoiding contact between study participants having completed the simulation and those waiting to do it was a priority for all study personnel involved in the data collection process.
Data Collection
Data collection took place on June 17 and 18, 2017 in Montreal, Canada.
For each participant, data collection began when the first actor began speaking (time and distance: zero), and ended when the participant delivered the AED shock, or if 10 minutes had elapsed without defibrillation. This threshold reflects the average time required for urban Canadian EMS to respond to OHCA (18, 23) . It was also a convenient logistical choice, ensuring that data collection could be completed for all participants on the two simulation days.
Data collectors employed the Nike Run Club © app, available on iPhone and Android, which is a GPS-tracking mobile application developed for runners that allows the user to track and store their pace, location, distance, elevation and distance splits throughout the run. This application was chosen for the simulation as it provided the most accurate location and distance estimation both indoors and outdoors among the other apps tested during protocol development. A stopwatch was also used by the research actors as an additional data collection method for time. Data collectors imported participants' simulation data into a centralized electronic spreadsheet immediately following each consecutive simulation.
Measures
The main outcome was time elapsed to shock. This measure reflects the longest delay the simulated patient would experience until defibrillation had EMS taken 10 minutes to respond (see Data Collection above for the justification for this threshold). The total distance travelled by the participant was a secondary outcome.
Furthermore, a standard questionnaire was provided to all participants to assess qualitative factors involved in PAED localization. Information was retrieved on participants' perceived level of difficulty in finding a PAED, utility and challenges associated with mobile app assistance (when applicable), and simulation safety concerns.
Analysis
Based on a previous study (24) , the average time elapsed to PAED shock was estimated to be 400 seconds (6:40 min) for the no assistance group, 300 seconds (5:00 min) for the verbal assistance group and 200 seconds (3:20 min) for the mobile app assistance group. In order to provide the study with a power of 0.9
and to show a statistically significant difference between the verbal assistance and the no assistance groups (p=0.05, two-sided), 15 participants were required for each group. The goal was to recruit a total of 100 participants in order to perform the simulation independently on two different university campuses and to account for no-shows. However, due to insufficient enrollment, the study was only performed on one campus (Université de Montréal).
Continuous variables are reported as means and standard deviations (SD) or medians and interquartile ranges (IQR), as appropriate. Dichotomous variables are reported as proportions. Differences in baseline characteristics were assessed using independent t-tests (parametric data), Mann-Whitney tests (nonparametric) or chi-square test, as appropriate. Analysis of variance was used to test differences in means between the three groups. Secondary analyses comparing groups were deemed to be exploratory in nature, and thus we did not correct for multiple testing. Multivariate logistic regression was used to estimate adjusted odds ratios (aORs) with 95% confidence intervals (CIs) of predictors of successful shock delivery in less than 10 minutes. All analyses were conducted with SAS version 9.4 (SAS Institute, Cary, NC).
Ethics Review
This study obtained ethics approval for research involving human subjects from the McGill University 
Results
Recruitment and Randomization
Eighty-seven participants enrolled in the study, of which 11 withdrew before the simulation, 24 were absent on the day of their simulation, and 52 completed the simulation. Of the 52 participants, 17 were randomized to the no assistance group, 17 to the verbal group and 18 to the mobile app group.
There were no statistically significant differences between the three groups with regards to all collected demographical information, with the exception of the verbal group who had a higher prevalence of campus geography knowledge (53%) than the other groups (12% for the no assistance group and 33%
for the mobile app group, ANOVA p=0.04, Table 1 ).
Time elapsed to shock was shorter in the verbal group (median 5:23 min, IQR 4:11-9:08) in comparison to the no assistance (median 10:00 min, IQR 7:49-10:00) and mobile app groups (median 9:44 min, IQR 6:30-10:00). Analysis of variance showed a statistically significant difference in time elapsed between the verbal group and the no assistance and mobile app groups (pairwise p≤0.01).
The proportion of participants from each group that succeeded in delivering a PAED shock as a function of time elapsed is reported as a Kaplan-Meier curve (Figure 2 ). The percentage of participants that performed defibrillation in less than 10 minutes was 35% for the no assistance group, 56% for the mobile app group and 76% for the verbal group.
Secondary Outcome: Distance Travelled to Shock
The mean distance travelled to shock was 753 meters for the no assistance group (95% confidence interval:
617-888 meters), 575 meters for the verbal group (95% CI: 451-698 meters) and 627 meters for the mobile app group (95% CI: 509-746 meters). Analysis of variance did not demonstrate statistically significant differences between the groups.
Secondary Outcome: Time Multivariate Regression and Subgroup Analysis
A multivariate regression combining all participants irrespectively of their group demonstrated that only prior knowledge of campus geography was a statistically significant factor favoring PAED shock in less than 10 minutes (aOR = 14.3, 95% CI: 1.85-99.9, Table 2 ). Table 3 reports the subgroup analysis results for time elapsed to shock according to prior geographical knowledge. Among participants without prior geographical knowledge, verbal assistance provided a trend towards decreased time to shock, but the differences over no assistance (7:28 vs 10:00, p=0.10) and over the mobile app (7:28 vs 10:00, p=0.11) were not statistically significant.
Secondary Outcome: Post-Simulation Feedback and Feasibility of AED-Quebec use
Overall, participants in the no assistance group reported higher degrees of difficulty in finding the PAED than participants from the two intervention groups (Table 4) . Seventy-eight percent of participants from the mobile app group indicated that the AED-Quebec app was the most helpful element in finding the PAED, although only 28% of them had explored the app prior to the simulation (Table 5 ). Half of the mobile app participants used the "obtain directions" function. Sixty seven percent of direction-users succeeded in shocking within 10 minutes versus 44% of users who did not employ that function. However, both subgroups had a 22% success rate at the six-minute milestone, so direction-users mainly outperformed the other users between six and 10 minutes. Moreover, 33% of app users qualified AED-Quebec use as "easy"
or "very easy". These participants had been more successful in shocking in less than six minutes than those who reported "moderate", "difficult" or "very difficult" levels of difficulty (43% versus 9%, respectively).
The most common challenges associated with app use were: difficulty in understanding in which direction to walk in order to find the AED (61% of participants), getting the app to show the user's location (39%), understanding the information provided on the AED (17%) and 3G network connectivity issues (17%).
Discussion
To our knowledge, AED G-MAP is the first three-armed randomized controlled simulation investigating the performance of different interventional strategies in locating a PAED in order to optimize OHCA bystander defibrillation. In this pilot simulation, verbal assistance was effective in reducing the time required for a bystander to find a PAED and provide a defibrillation shock to an OHCA victim. However, participants from the verbal assistance group were also the most knowledgeable of the simulation study site geography, which was found to be a confounding factor. In a post-hoc subgroup analysis, only verbal assistance appeared to provide an advantage to participants who did not know the campus geography, but the differences were not statistically significant. Among participants who knew the campus geography, neither group significantly outperformed another.
Our results are in agreement with previous evidence that integration of EMD-assisted PAED localization into the chain of survival may decrease time-to-first shock. Previously, a randomized simulation conducted in an urban shopping mall found that EMD-assisted PAED localization significantly decreased time-to-first shock: 90% of participants in the intervention group succeeded in finding a PAED and shocking the dummy victim in less than 3 minutes, versus 11% for the control group (22) . The potential for EMD-directed PAED localization has been evoqued in previous studies: for instance, in a three-year observational study conducted in King County (United States), 4.2% of OHCA victims (32/763) had an AED applied by non-EMS rescuers, despite 10.6% of victims (81/763) being within 160 meters from an EMS-registered PAED (25) . Another two-year observational study led in Montreal (Canada) demonstrated that OHCA victims located within a 175-meter radius from an EMS-registered PAED had statistically significant higher probability of receiving bystander PAED shock, despite the current inexistence of verbal EMD geolocalization assistance (18) .
A growing body of literature suggests that EMD-directed CPR is feasible and improves all OHCA resuscitation milestones including survival to hospital discharge (26-28). EMD telephone-assisted PAED localization could be the next logical step in optimizing bystander response to OHCA, and our study results provide further evidence that this intervention warrants further research. However, EMD-assisted PAED localization may prove to be more challenging than EMD-directed CPR since PAED localization requires an additional available bystander, is lower in priority to optimal CPR, and may put bystanders in harm's way as they travel to recuperate the defibrillator (29) . Bystanders may also experience logistical challenges in retrieving the PAED once found (e.g. locked doors or other physical barriers, owners hesitant to make their AED available to the public).
The role of mobile apps in optimizing OHCA resuscitation is an area of growing interest in the scientific community (30) . Similar to our study, a randomized controlled simulation held on a university campus in 2010 found that the use of a PAED geolocalization mobile app did not decrease the time to first shock when compared to no assistance (24) . The mobile app tested in this study functioned similarly to AED-Quebec: it provided the user's and the PAED's locations on a two-dimensional interactive map. It did not, however, offer the option of obtaining directions to the PAED. At the time, the authors had speculated that the delay experienced in loading the application and understanding the user's own location on the map (>80 seconds) was probably a major limitation in the optimal use of such a mobile app. In our study, loading the application was rapid, but the mobile app intervention still failed to decrease time elapsed to shock.
While qualitatively observing participants from this group, it was noted that many had difficulty understanding the app interface. Feedback provided by the participants concurred with the field observations: 61% found it difficult to understand in which direction to walk in order to reach the AED and 39% found it difficult to find their own location on the app interface. Despite this, the vast majority of AED-Quebec users (78%) felt the app helped them find the PAED. Leveraging laypersons' and off-duty emergency personnel's willingness to employ smartphone platforms that engage them in the chain of survival (31) is likely to improve OHCA prehospital management and outcomes, as recent studies have observed with crowdsourcing using mobile phone text messages and mobile apps (20, 21). The success of these initiatives also depends greatly on the quality of information stored in public AED registries, which require a significant amount of ressources to create and keep up to date.
PAED geolocalization app designers could address many of our study's findings by ensuring the default mode upon opening the app is immediately directions to the closest available PAED, ideally in three dimensions with verbal instructions, and with no manipulation of the app interface required. It is likely that such an "emergency"-derived app design will increase its utility in a simulated or real OHCA scenario, as it would remove several barriers experienced by our study participants.
Limitations
This study has a number of limitations. First, a statistically higher proportion of participants in the verbal assistance group had prior knowledge of campus geography in comparison to participants from other groups. Since this group was the most successful, and prior knowledge of site geography was a strong predictor of successful defibrillation in < 10 minutes, prior geographical knowledge was a confounding variable in our study. In hindsight, participant stratification for randomization should have been prioritized over age or lifesaving professional status. Subgroup analysis provided the hypothesis that among participants who did not know the simulation site, verbal assistance may be an effective tool in reducing time elapsed to shock. It is important for future studies to continue including participants with prior geographical knowledge, since most individuals spend a significant proportion of daily life in locations they are familir with. However, it is essential for future studies to stratify for this variable.
Furthermore, our simulation evaluated the time elapsed between solicitation of the volunteer bystander and shock. This reported time is therefore inferior to the fundamental time parameter in prehospital resuscitation: time from 911 call to the first shock. Using our study results, 911 call to first shock would be the sum of the time elapsed (measured) and the time to call and interact with emergency services (not measured). Our study protocol did not aim to measure this latter time segment because it differs greatly from one OHCA response to another. Moreover, since prehospital EMD protocols are regionalized, time from call reception to EMD-assisted PAED localization is likely to vary from an area to another, when such protocol exists. EMS reponse times are also highely variable from one area to another, which likely influences the impact of different AED localization strategies. Our pilot study purposefully ignored these highly heterogeneous variables to obtain comparable results, but this design limitation must be accounted for when trying to implement these interventions into the real world.
Moreover, a number of factors limit the external validity of our results. First, the PAED was located 175 meters from the victim in our simulation. In real-life contexts, the distance to the nearest defibrillator varies greatly, and the benefit of the tested strategies may differ accordingly. Second, since we failed to recruit enough participants, the simulation was performed on a single site. We believe that our recruitment methods were appropriate for this low-budget study, but our efforts could have yielded better results had recruitment begun earlier. For instance, recruitment on university campuses began after the winter session had ended, so there was not much traffic on campus. The beautiful weather on the week-end of the simulation was probably a major reason for the high no-show rate. We decided not to publicize the small reward participants received after the simulation as not to introduce a selection biais, but this risk may have been over-estimated. Third, our study participants do not perfectly reflect general adult population demographics. Despite this, AED G-MAP is the largest simulation addressing PAED localization in the literature thus far. As results from this pilot simulation provided the hypothesis that PAED localization could be expedited by verbal assistance, a larger scale simulation is now warranted to test this hypothesis in multiple locations.
Finally, since participants were aware that they were taking part in a simulation, the performance of EMD-directed or mobile app-directed PAED localization may differ in high-stress, real OHCA environnements.
Conclusion
In a simulated environment, verbally providing OHCA bystanders with the nearest public AED's location appeared to be effective in reducing the time to defibrillation in comparison to no assistance and to an AED geolocalizing mobile app, but further research is required to confirm this hypothesis, ascertain the external validity of these results and evaluate the real-life implications of these public defibrillator geolocalization strategies.
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